ABSTRACT -The ability of plants to adapt to water deficient conditions in soil is directly related to the competitive ability of each species. The objective of the present study was to evaluate the effects of water deficiency and interspecific competition on the growth components of maize (Zea mays), brachiaria (Urochloa decumbens), and hairy beggarticks (Bidens pilosa L). The experimental design was in randomized blocks, with eight replications. The treatments were arranged in a 5 × 2 factorial design, with the first factor corresponding to the different competitive arrangements among species (maize + U. decumbens, maize + B. pilosa, maize without competition, U. decumbens without competition, and B. pilosa without competition). The second factor constituted two water regimes (daily irrigation and water deficit). The soil water deficient condition strongly decreased maize plant growth; however, it had little or no effect on the growth of weeds U. decumbens and B. pilosa. Interspecific competition decreased the growth of maize plants and U. decumbens, and intensified the negative effects of water deficiency on these species. Interspecific competition and water deficiency also decreased the N, P, and K content in maize plants, which contributed to the effects on plant growth. U. decumbens was more competitive with maize compared to B. pilosa. 
INTRODUCTION
Maize (Zea mays L.) is a crop of great economic importance because it is used as human and animal food, and to produce biofuels. It is cultivated in several countries, with the United States, China, and Brazil producing more than 65% worldwide (USDA, 2017) . In cultivation systems, production factors are carefully controlled to reduce possible biotic and abiotic stresses that might reduce crop yields (CUSTODIO et al., 2016) .
Water deficiency is one of the main factors that is responsible for decreases of maize crop yield because it affects the water relations of the plants, reducing growth and development, and consequently crop productivity (SALES et al., 2016) . It is estimated that 90% of maize yield can be affected by water deficiency (NESMITH; RITCHIE, 1992) .
In addition to productivity losses, water deficiency might shorten the grain formation period and interfere with ovarian development, increasing the number of aborted grains (MARWEIN et al., 2017) . Water stress can also alter the ratio of root/ shoot biomass and reduce the total dry mass production (GHEYSARI et al., 2017) .
Water deficiency may limit the availability of other resources for plants, such as absorption reduction and nutrient accumulation (HU; SCHMIDHALER, 2005) , owing to the reduction of root growth, and the fact that water is the vehicle whereby mineral nutrients move from the soil solution to the roots of the plant (MARSCHNER, 1995; GESSLER; SCHAUB; MCDOWELL, 2017) .
Water deficiency is caused by a scarcity of water that is required for the full development of plants. Factors such as soil texture, organic matter content, and competition with other plants can reduce the amount of water in the soil, thus aggravating the effects of water deficiency in plants. Among these factors, competition with weeds can greatly reduce the availability of water to crops, which interferes with the development and productivity of maize by up to 85% (GANTOLI; AYALA; GERHARDS, 2013) . The competition between crops and weeds occurs when resources, such as water, light, and nutrients, are limiting and the losses caused by this competition vary based on the competitive capacity of the species involved (SILVA et al., 2013) .
The intensity of water competition depends on the survival mechanisms that each species develops under water deficit conditions (OLIVEIRA et al., 2018) . Weeds such as brachiaria (Urochloa decumbens) and hairy beggarticks (Bidens pilosa) have high water-use efficiency characteristics (ASPIAZÚ et al., 2010) . These species can grow and develop under semiarid conditions (MASHINGAIDZE et al., 2012; FLORINDO et al., 2014) because they have different resistance mechanisms to water deficiency (OLIVEIRA et al., 2018) , can change the proportion of biomass between roots and aerial parts, and have different competitive capacities (FOTELLI et al., 2001) . Knowledge regarding these physiological mechanisms is essential for understanding the interactions between maize and weeds, and the correct use of management strategies to minimize competition for water in agroecosystems. Therefore, the objective of the present study was to evaluate the effects of water deficiency and interspecific competition on the growth components of maize, U. decumbens and B. pilosa.
MATERIAL AND METHODS
The experiment was undertaken in a greenhouse with geographical coordinates 05°11′15″ S, 37°20′39″ W. The experimental unit was a plastic vessel with a volume capacity of 8.5 dm 3 , filled with sandy clay loam that was classified as Cambisol (EMBRAPA, 2018) . The same was collected from the 0-20 cm surface layer, and based on physicochemical analysis showed the following characteristics: pH (water) = 7.2; MO = 8.10 g kg -1 ; P = 2.2 mg dm -3 ; K = 434.6 mg dm -3 ; Na = 49.3 mg dm -3 ; and Ca; Mg; Al; H + Al; and effective CTC = 11.30; 2.10; 0.00; 0.00; and 14.73 cmol c dm -3 , respectively; and sand, silt, and clay = 0.57, 0.10, and 0.33 kg kg -1 , respectively. Fertilization and cultivation were performed based on the needs of the crop.
The experimental design was that of completely randomized blocks. The treatments were arranged in a factorial 5 × 2 design, with eight replications. The first factor consisted of different competitive arrangements among species (maize + U. decumbens, maize + B. pilosa, maize without competition, U. decumbens without competition, and B. pilosa without competition). The second factor constituted two water regimes (daily irrigated and water deficiency).
The maize hybrid AG-1051, brachiaria (U. decumbens), and hairy beggarticks (B. pilosa) were included in the study. The seeds underwent preliminary germination and emergency tests to establish the ideal seeding period for the simultaneous emergence of these species. Maize seeds and weeds were sown in the center and border of each experimental unit, respectively. Thinning was performed 5 days after plant emergence, leaving only one plant of each species.
Irrigations were performed daily to maintain moisture near field capacity (70-80%). The volume of water applied to each vessel was calculated by the difference between the vessel weight in its field capacity and the weight at the end of each day (CARVALHO et al., 2005) .
When maize plants had grown their third expanded leaf (phenological stage V3), the imposition of water regimes (daily irrigation and water deficit) was initiated. The irrigation treatment plants continued to receive daily irrigation as described, and those in the water deficit treatment had their irrigation totally suspended. The duration of the water deficit was maintained until the rate of assimilation of CO 2 (A) of maize plants reached values close to zero, which occurred after 5 days of irrigation suspension. From that moment, irrigation was reestablished, maintaining the humidity close to the field capacity. A was measured with the aid of an infrared gas analyzer (IRGA, portable model LI-6400, LI-COR Biosciences).
After the recovery of the A of plants submitted to the water deficit treatment, the following were measured: plant height (PH; cm), determined from the soil to the insertion of the last leaf; leaf area (LA; cm 2 plant -1 ), obtained by the corrected disk method (SOUZA et al., 2012) ; and specific leaf area (SLA; cm 2 g -1
), ratio between dry leaf mass and LA. The plants were then washed lightly with distilled water and fractionated into aerial parts and roots, which were packed in paper bags and placed in a forced air circulation oven at a temperature of 65 ± 1°C until a constant mass was reached. Then, each fraction was weighed on an analytical balance to obtain the dry mass (g plant -1
). The dried maize material was milled in a Wiley type mill, homogenized, and stored in an airtight container. Samples of this material were used to determine the nitrogen (N), phosphorus (P), and potassium (K) contents in the different compartments (leaf, stem, and root) of the maize plants. The N content was determined by the Kjeldahl method in the sulfur digestion extract. After nitric-perchloric digestion, the contents of P were determined by colorimetry and K values by flame photometry (MALAVOLTA; VITTI; OLIVEIRA, 1997) . From the dry mass of each fraction and their respective nutrient contents, the macronutrient content was calculated.
The data were submitted to analysis of variance using the F test (p ≤ 0.05) and, when significant, the averages were compared by Tukey's test at 5% probability level. The statistical software used was SISVAR ® 5.6.
RESULTS AND DISCUSSION

Growth of maize under conditions of water deficit and competition with U. decumbens and B. pilosa
There was interaction between the water deficit factors and competitive interaction arrangements between the species for PH, LA, and SLA. Water deficiency decreased PH, LA, and SLA of maize plants cultivated alone and in competition with U. decumbens and B. pilosa This reduction in PH and LA is possibly due to the lower turgor pressure of the growing cells (FENG et al., 2016) . Turgor pressure is the mechanism that is responsible for the expansion of plant cells. As maize plants lose water via transpiration under conditions of low water availability in the soil, the turgor pressure is reduced owing to the smaller amount of water inside the cell (FENG et al., 2016) .
The presence of B. pilosa and U. decumbens plants together with the maize plants reduced the LA of the crop compared to maize cultivated alone, under irrigated conditions (Figure 1 ). Under water deficit conditions, there was a greater reduction of the LA of maize cultivated with U. decumbens compared to the other treatments (Figure 1) . Therefore, there was competition for growth resources between the maize crop and B. pilosa and U. decumbens weed plants. Even when the amount of water in the soil was maintained near field capacity, competition with weeds affected the LA of maize.
U. decumbens plants presented greater aggressiveness in relation to B. pilosa under conditions of low water availability, and promoted a greater reduction in the LA of maize plants. Similar to maize, U. decumbens has C4 metabolism and, under conditions of water limitation, can allow photosynthesis to function and promote its growth even with less water compared to that of B. pilosa (GUENNI; BARUCH; MARIN, 2004) . This is possible because, first, C4 plants have a higher efficiency of water use, mainly owing to their control of the loss of water to carbon gain in leaves (GHANNOUM; VON CAEMMERER; CONROY, 2002); and, second, these plants do not have detectable photorespiration (loss of carbon) because of their leaf anatomy (WALKER et al., 2016) . These characteristics contribute to the higher efficiency of these plants under stress conditions.
The water deficit treatment increased the SLA of maize grown alone and in competition with U. decumbens and B. pilosa (Figure 1) . Analyzing the effect of competition on the SLA, maize plants in competition with U. decumbens had higher values compared to the other treatments. SLA is an indicator of leaf thickness. An increase of this parameter in plants under water deficit and/or competition is not a common situation, and may be a strategy of the plant to maximize photosynthesis. This is because the thicker leaves generally have a higher density of chlorophyll and proteins per unit area of LA and, therefore, have a greater photosynthetic capacity than that of thinner leaves (LIU; STÜTZEL, 2004) .
The root dry mass (RDM), shoot dry mass (SDM) and total dry mass (TDM) of maize plants were negatively influenced by the water deficiency and competition with weeds treatments (Figure 2 ). The reduction of dry mass in plants frequently occurs under conditions of water deficiency and is related to the reduction of turgescence in plant cells (TAIZ et al., 2017) . Under conditions of low water availability, plants normally tend to close their stomata to minimize water loss via transpiration. This adaptive mechanism allows the survival of the plants during the period of water deficiency in the soil for a longer period; however, it results in subsistence (limited) growth, which is lower than what the plants experience under normal conditions (BASU et al., 2016) . Maize plants, under water deficit conditions, cultivated in competition with U. decumbens showed a larger reduction in SDM and TDM compared to the other treatments (Figure 2 ). This may have been a reflection of the greater aggressiveness of U. decumbens in competing with the maize crop, resulting in lower LA and photoassimilated synthesis in the maize plant. The lowest LA that was found in maize when cultivated in conjunction with U. decumbens correlated with RDM data, which also showed a reduction due to weed interference.
In general, the results suggest that the effects of water restrictions may have induced stomatal closure of maize plants. Maize plants, when under conditions of a lack of water, reduce stomatal opening to reduce excessive water loss (RAJCAN; SWANTON,  2001 ). However, this reduces stomatal conductance and photosynthesis due to lower absorption of CO 2 in the mesophyll; thus, reducing the ability of maize to accumulate biomass in its tissues (TAIZ et al., 2017) .
Macronutrient content in maize subjected to water deficiency and competition with U. decumbens and B. pilosa
There was an isolated effect of water deficiency and competition factors for N, P, and K content in the different organs of maize plants (Table 1 ). Lower N, P, and K contents were observed in the different compartments (leaf, stem, root, and total) of the plants in the competition treatments, mainly for the U. decumbens species, except for the root P content that was not altered. As root trapping contributes strongly to P uptake in plants, it is possible that the initial rapid maize growth may have contributed to the roots occupying more soil volume, allowing an advantage over the weeds in competition for P (MATOS et al., 2019) . 1 M= Maize; U= Urochloa decumbens; B= Bidens pilosa; CV= Coefficient of variation; WD= Water deficit; Averages followed by the same letter do not differ for each variable at the 5% probability level by the Tukey's test.
As for the effect of water regimes (Table 1) , apart from the stem N content, the plants under water deficit conditions had the lowest N, P, and K contents in the different compartments evaluated.
Lower average content of N, P, and K in maize cultivated with U. decumbens indicates that this weed has a higher competitive capacity than B. pilosa. Crops and weeds share the same resources below and aboveground (KAUR; KAUR; CHAU-HAN, 2018). Water and nutrients are the main factors for which organisms compete, and usually weeds take advantage of this competition, reducing the availability of these resources in the soil, which may have resulted in lower absorption and accumulation of nutrients in maize (SCHENK, 2006; KAUR; KAUR; CHAUHAN, 2018) .
The reduction in the N, P, and K contents in plants under water deficient conditions may be a reflection of several factors, such as the reduction of plant growth (GESSLER; SCHAUB; MCDOWELL, 2017); the reduction of the transport of ions to the roots, either by diffusion (P and K) or mass flow (N), which are processes that depend on soil moisture content (HU; SCHMIDHALTER, 2005); and the negative effects of water stress on the limitation of root growth and its nutrient absorption and translocation capacity (MARSCHNER, 1995) .
Growth of U. decumbens under water deficiency and maize competition conditions
Water deficiency decreased the PH and LA of U. decumbens when cultured alone (Figure 3) . However, this effect was not observed in U. decumbens plants grown together with maize. The effects of water deficiency and maize competition did not influence SLA. Competition can often intensify the negative effects of water deficiency on plants (OLIVEIRA et al., 2018) However, this phenomenon did not occur in U. decumbens. The species had no alteration in PH, LA, and SLA when competing with maize under water deficit conditions. The efficient control of stomatal openings in U. decumbens plants may have contributed to maintain leaf turgescence, providing results that were similar to those found in the other evaluated treatments. In addition, it is possible that the composition of the cell wall aided the U. decumbens plants submitted to water deficiency and competition to maintain their LA similar to those grown in competition and under irrigated conditions. The lower elasticity of the cell wall allows the plant to maintain a larger LA even with a loss of turgor inside the cells (COSGROVE, 2015) .
Another important consideration is that some grasses can extract water from the soil, even when there is little available, to maintain a minimal turgidity of their tissues (ZHOU et al., 2014) . Thus, the association of water deficiency and competition may not have been adequate to reduce the amount of water in the soil to levels that could intensify the reduction of the LA of U. decumbens.
Maize competition reduced SDM and TDM for both the water availability and water deficiency conditions (Figure 4) . It is likely that the erect growth habit of maize plants provoked strong competition for light and, because of their smaller size, U. decumbens plants were impaired. Under water deficit conditions, a reduction in stomatal expansion and stomatal closure possibly occurred, resulting in lower carbohydrate production accumulated as biomass (TAIZ et al., 2017) . Despite the lower SDM and TDM of the U. decumbens plants in competition with maize, water deficiency did not intensify this decrease (Figure 4) . U. decumbens was more aggressive in competition than that of maize, reducing the SDM and TDM of the plants more intensely. Therefore, under conditions of complex stress (competition + water deficiency) U. decumbens can maintain carbon fixation, reflecting the accumulation of similar dry mass in competition with maize, with or without water deficiency. Competition with maize decreased the RDM of plants only in the irrigation treatment (Figure 4) . In some cases, the importance of competition for roots is more important under conditions of greater resource availability (SCHENK, 2006) . Based on a study by Hutchings et al. (2003) , the performance of individual plants in root competition depends largely on the size of the root systems, the distance between plants, and the fertility contrast between the soil regions near the roots. Therefore, the rapid initial growth of maize might have allowed the roots to occupy most of the soil volume, thus, hindering the growth of weed roots in the same place (MATOS et al., 2019) .
Growth of B. pilosa under conditions of water deficiency and competition with maize
Water deficiency reduced the LA of B. pilosa only when cultivated in competition with maize ( Figure 5 ). In addition, under the water deficit condition, competition with maize ensured lower LA of the plants compared to the treatment without competition. A reduction of LA is one of the first responses of plants under water deficient conditions. This is an important mechanism to reduce excessive water loss through transpiration and to prevent tissue dehydration (TAIZ et al., 2017) . The PH and SLA of the plants were not influenced by water deficiency and/or maize competition. Similar to PH and SLA, water deficiency and competition with maize had no noticeable effects on SDM, RDM, and TDM ( Figure 6 ). This can be explained by B. pilosa having an investor strategy to survive water deficiency (OLIVEIRA et al., 2018) .
This species can maintain its growth when extracting water at low levels of water potential in the soil, becoming an important competitor under low resource conditions (PROCÓPIO, 2004) . (Table 2) . Furthermore, under irrigated conditions, competition with maize was more detrimental to U. decumbens than it was to B. pilosa. Averages followed by the same letter do not differ for each variable at the 5% probability level by the Tukey's test.
B. pilosa presented greater resistance to adverse conditions caused by competition and water deficiency (ASPIAZÚ et al., 2010) . Although B. pilosa was harmed by competition with the crop, the species was able to make better use of the available water in the soil, demonstrating greater rusticity in relation to maize and U. decumbens (VASCONCELOS; SILVA, LIMA, 2012).
Despite the success of the maize-U. decumbens intercropping system (FERREIRA et al., 2014) , the losses caused to U. decumbens and maize plants in situations of water scarcity, aggravated by the competition among these species, demonstrate the need to adopt practices that reduce the competitiveness during early growth periods, to save resources for crops to use. In the present study, we utilized the same density of weeds and crop culture. Thus, changes in spacing and density of plants in competition may cause different responses.
CONCLUSIONS
Soil water deficiency strongly reduced maize plant growth; however, there was little or no effect on the growth of the weeds U. decumbens and B. pilosa.
Interspecific competition reduced the growth of maize plants and U. decumbens, and intensified the negative effects of water deficiency in these species.
Interspecific competition and water deficiency also reduced N, P, and K contents in maize plants, which contributed to the effects on plant growth.
U. decumbens was more competitive with maize compared to B. pilosa. 
